(E-J) Transversal cross-sections of wild-type (E-G) or deletion (88C), and htl (90E). embryos (H-J) at stage 7 (early gastrula; [E and H]), stage 8 (midgastrulation; [F and I]), stage 9 (extended germ band; [G,J]). Embryos were stained with antibodies against a universal membrane marker,
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Neurotactin (Nrt; red), and Twi (green). In the wild-type, the mesoderm spreads out on the neuroectoderm and eventually forms a coherent monolayer after gastrulation (G). In the deletion embryos, early embryos until mid-blastula transition, when embryonic development becomes dependent on zygotic transcription. In Drosophila, exploiting this property of early exhibited the strongest phenotype, and this phenotype was reminiscent of mutations in htl or dof (Figure 2 ). embryos can help to identify early zygotic gene functions in genetic screens [17] [18] [19] . The rationale of these At the beginning of gastrulation, the mesoderm cells invaginated normally. However, after invagination the screens is to generate embryos bearing large chromosomal deletions by using chromosomal translocations. mesoderm cells failed to attach to the ectoderm and did not spread out but remained as a tight aggregate, An overlapping set of such synthetic deletions that together uncover the entire genome and allow the identifiwhich extended into the interior of the embryo ( Figures  2F and 2I ). At later stages some cells were attached to cation of gene functions, including redundant ones, required for early morphogenesis has been generated [19] . the ectoderm, but many cells remained aggregated and never formed a monolayer ( Figures 2D, 2G , and 2J). We have utilized this approach to identify genes required for mesoderm migration in the gastrula embryo. The Thus, the chromosomal region 46E to 49E contains a locus that is required for mesoderm migration and exhibcorrect migration of the mesoderm was visualized by immunolabeling of Twi to mark the presumptive mesoits similar phenotypic features as mutations in htl or dof. Mapping of the respective chromosomal interval rederm cells [20] . After invagination, the mesoderm cells undergo mitosis and subsequently migrate as an aggrevealed that none of the available deletions produced a phenotype that resembled that of the translocation. gate in a dorsolateral direction until a monolayer of mesoderm cells covers the basal surface of the ectoBecause the set of deletions used for this analysis did not encompass the entire region uncovered by the transderm. In our screen, approximately 94.5% of the genome was analyzed, and seven genomic regions that contain location, we employed the Drosophila isogenic deficiency kit to construct novel deletions in the region [ CG13194 probe detected a single band of 3.4 kb, and N-terminal signal peptide of 21 amino acids, a FGF core domain of 67 amino acids, and a long C-terminal region the CG12443 probe detected a prominent 4.9 kb band. We cloned the cDNA of CG12443 by RT PCR and obof 611 amino acids with no significant homologies to other proteins ( Figure 4E ). The FGF core domains of tained a 2.5 kb product, which was sequenced (Supplemental Data). Comparison of the cDNA sequence to the CG12443 and CG13194 exhibit 39% identical amino acid residues ( Figure 4F) . Interestingly, the homology with genomic sequence revealed that the gene, which was annotated as CG12443, contains four exons ( Figure 4C) . vertebrate FGF8, FGF17, and FGF18 is similarly high; it ranges from 32% to 35% amino acid identity. Because The CG12443 cDNA encodes a novel FGF with an be due to a function of FGF8-like1 and FGF8-like2 in and 5G), FGF8-like2 transcripts accumulate in the dormesodermal patterning or to defects during the migrasal-most cells of the germ band ( Figure 5E ). During gastion of the mesoderm cells. To discriminate between trulation, expression of both genes is confined to the these two possibilities, we performed RNAi of FGF8-ectodermal cell layer ( Figures 5J; data not shown) . After like1 and FGF8-like2 in embryos expressing the mesogastrulation, expression of FGF8-like1 and FGF8-like2 derm-specific cell surface marker twi::CD2 [22] . In the disappears from the neuroectoderm, and in later embrywild-type, twi::CD2 marks cell shape changes occurring onic stages the two genes become differentially exduring mesoderm migration [23] . The cells extend in the pressed (data not shown). These data are consistent direction of migration and form long cellular protrusions with the Northern blot results, which showed that in ( Figure 6C ). In embryos mutant for htl, these cell shape early embryos FGF8-like1 is expressed at high levels changes do not occur [23] . Similarly, in embryos injected in early and mid embryogenesis, whereas FGF8-like2 with dsRNA targeting FGF8-like1 and FGF8-like2, these transcript levels are maintained and even rise during cell shape changes were blocked ( Figure 6D ). We therelate embryogenesis ( Figure 4D ). These results show that fore conclude that FGF8-like1 and FGF8-like2 are re-FGF8-like1 and FGF8-like2 are expressed in the cells quired for cell shape changes of the mesoderm cells that serve as substrate for mesoderm cells during migraduring migration. Because RNAi with FGF8-like1 did not tion. Furthermore, the differential expression of FGF8-affect differentiation of dorsal mesoderm derivatives, like1 and FGF8-like2 during mesoderm migration sugsome functions of FGF8-like1 and FGF8-like2 might be redundant. gests that the gene products might initially work in a [28, 29] . During gastrulation, Htl is required early of mesodermal precursor cells in species as different for adhesive interactions of the mesoderm to the ectoas mouse and Drosophila share similar features. derm and for cell shape changes associated with migration of the mesoderm cells [23] . After gastrulation, Htl Conclusions is required for specification of dorsal mesodermal derivTwo FGF receptor homologs, Htl and Btl, are present atives that later will give rise to pericardial cells [30] .
A Screen for Early Zygotic Genes Identifies Novel invagination occurs normally (H), but the mesoderm cells fail to
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in the Drosophila genome. Although the ligand of Btl The differential expression of FGF8-like1 and FGF8-like2 is represented by Bnl, the ligand of the Htl receptor in later development suggests that the two ligands might remained unknown. We have identified in Drosophila act in a nonredundant fashion during mesoderm differtwo novel FGF family members, FGF8-like1 and FGF8-entiation.
like2, that are expressed at the right time and in the Several pieces of evidence suggest that FGF signaling right place to serve as ligands for Htl. We show that via the Htl receptor is required for setting the correct FGF8-like1 and FGF8-like2 are required for Htl-depentiming for the interaction of mesoderm to ectoderm in dent cell shape changes during mesoderm migration early stages of gastrulation. The most robust migration and for signaling events emanating from the Htl receptor phenotype of htl loss-of-function mutants occurs during but are dispensable for signaling events emanating from early stages of mesoderm migration, at a time when the other RTKs. We conclude that FGF8-like1 and FGF8-cells contact the ectoderm and migrate in dorsolateral like2 are required for promotion of mesoderm migration direction. In late gastrula embryos, mesoderm cells exduring Drosophila gastrulation and thus represent likely hibit directional protrusive activity in htl mutant emligands of the FGF receptor Htl. bryos, indicating that htl is not essential for the migratory properties of the cells in a more general way [23] . Ligand-
Experimental Procedures
independent activation of Htl in a htl mutant background is able to rescue the early defects in cell shape changes Genetics but fails to completely rescue the late defects in mesoFly stocks were kept under standard conditions. The chromosomes utilized in this study are described in the Drosophila genome dataderm migration and differentiation [23, 28] . At the begin-
